Towards the end of the previous century the increasing erosion of biological diversity in livestock was recognized by the animal breeders as an area which needs monitoring and conservation measures. For that purpose various national, regional and global infrastructures was put in place by governmental and non-governmental organizations like European Association for Animal Production (EAAP), Food and Agriculture Organization (FAO) of the United Nations and Rare Breeds International, etc. These organizations have developed a number of methods for estimation the risk status of the breed. However, the different systems use different parameters and thresholds and are hard to compare. Several attempts for uniform European criterion have been made, but still no consensus has been reached. In this study we continue the work of the Animal Genetic Resources group of EAAP towards the uniform criterion based on the effective population size, the expected number of breeding females and the global population. Our main contribution is the novel approach in handling the parameter global population, allowing its external parameterization. The criterion was applied to 21 pig breeds from 8 European countries and the results show clear not at risk status of the big international breeds.
Introduction
In the last 12000 years around 40 livestock species were domesticated resulting in a 6000 to 7000 genetically distinct breeds (SCHERF, 2000) . These breeds have been developed and adopted to various production environments and have their importance as a sources of food, element of the rural culture (GANDINI and VILLA, 2003) or a tool for ecosystems management (GORDON et al., 1990) . The preservation of the farm-animal diversity is an insurance against changes in the market demands or production environment circumstances (OLDENBROEK, 1999) . With the introduction of new technologies and the increasing demand for high production in the last century, a number of well-marketed breeds have spread all over the world, moving aside the indigenous ones and increasing the danger of their extinction (HALL and RUANE, 1993) . As the extinction rates are bigger than the rates of creation of new breeds, a proper estimation of the breeds' status of endangerment is required. During the years various systems for categorization of the endangered breeds of livestock on a national (RUANE, 2000) and international level (AVON, 1992; LOFTUS and SCHERF, 1993; SIMON and BUCHENAUER, 1993; ALDERSON, 2003; REIST-MARTI et al., 2003) have been developed. These systems use different parameters and thresholds, which makes their comparison difficult. An attempt was made by GANDINI et al. (2004) towards a uniform European criterion based on the data collected in the European Association for Animal Production (EAAP) database (EAAP-AGDB). The aim of this study was to develop a well-defined automatically calculable criterion for classifying the livestock breeds according to degree of endangerment (DE) of their loss along the proposal presented by GANDINI et al. (2004) . This criterion should take into account the species specificity, state of the global population and genetic concepts. Special attention is paid to the problem of transboundary breeds. These breeds are present in more than one country and a genetic material is usually exchanged between the populations in the various countries. The currently existing criteria treat the population in each country as a separate breed, thus e.g. listing the Dexter cattle in Germany as critically endangered (SCHERF, 2000) . There is a big Dexter population in the United Kingdom (UK) and in the past even some of the German farmers have registered their animals in UK. We propose a method and software tools to cope with various classifications of genetically similar breeds in estimating the degree of endangerment, which is missing in the most of the currently used criteria.
Material and Methods
The criterion is intended to be used mainly within the European farm animal biodiversity information system (FABISnet) (ROSATI et al., 2006) and it is based on the data collected in this network. The criterion has four classes of endangerment -"critical", "endangered", "not at risk" and "unknown", which are calculated on two levels -national and supranational (for transboundary breeds and groups of genetically similar breeds). The available data, the components of the criterion and the procedures for calculation on the various levels are described in this section.
Data
In the databases of this network more than 5720 domesticated breeds or 'country populations' from 28 species in Europe are registered (data from May 2006). On regular intervals data for the population size and structure is supposed to be collected for each breed. These data include number of breeding males and females, overall population size and trend, status of registration, number of herds, average herd size, usage of artificial insemination and presence of conservation programmes. The data used in our work was taken from the European regional database in year 2006 and represent 3687 breeds from cattle, pig, sheep, goat, horse and ass species. The number of breeds and available population data are shown in Table 1 . In order to apply the criterion on supranational level, 8 Landrace, 3 Duroc, 4 Pietrain, 4 Large White and 2 Hampshire pig breeds were grouped on the basis of the results of the PigBioDiv program (SANCRISTOBAL et al., 2006) . In this program the various populations in several European countries were genotyped for 50 microsatellite loci and genetic distances have been estimated. The breeds groups are shown in Table 2 . Criterion for estimating the degree of endangerment (DE) on national level The criterion is based on demographic and genetic components. For each of these components a class of endangerment is estimated. The final class estimating the DE of the breed is the "worst" of the demographic and genetic classes. But if we look at the population in country C 1 , we will notice that it is stable (r 1 =1) and therefore the total population size will never go under 5000. This discrepancy shows that such simplistic approach can be misleading in case of breeds present in more than one country. To keep the demographic part of the criterion simple and uniform for the cases of autochton and transboundary breeds, we propose to calculate the population size after two generation intervals (GI) from the last census and compare it with the critical values. The calculation is done with the formula , where GI is the generation interval for the species. For estimation of the growth rate we use the most recently recorded population size (no more than one GI back from the year for which we want to estimate DE) and the earliest population size available in the interval one to three GI from the most recent one. Thus, we keep to some extent with the idea of time, needed to react to the negative trend. The proposition of GANDINI et al. (2004) gives us the exact time we have for reaction and with this approach the results can be used directly to schedule any changes in the breeding programs. In the new criterion we presume that the minimum time for reaction is two GI and therefore consider breeds endangered if they require immediate intervention preventing them falling under critical value in the near future. We have used the same thresholds as the ones used by the Food and Agriculture Organization (FAO) of the United Nations (SCHERF, 2000) , with the intention to keep uniformity with their world-wide criterion. We consider the following classes of endangerment:
1. not at risk -N 2GI,f >1000, where N 2GI,f is the expected number of breeding females after 2 generation intervals 2.
endangered -100< N 2GI,f ≤1000 (FALCONER and MACKAY, 1996) , where N m and N f are the number of breeding males and females, respectively. As noted in (GANDINI et al., 2004 ) the effective population size explain for mass selection, since the presence of unselected populations is not very likely in Europe. Therefore, we calculate the effective population size assuming mass selection in a simplified way as following the model described in (SANTIAGO and CABALLERO, 1995) . To be coherent with the EAAP criterion, we have used the same thresholds as described by SIMON (1999) . These thresholds are based on the maximum acceptable inbreeding F-50 after 50 years of conservation. We have transformed the five classes used by EAAP into three:
1. not at risk -F-50≤10% 2.
endangered -10%<F-50≤40% 3.
critical -40%<F-50 These thresholds for F-50 are converted for Ne through the rate of inbreeding ∆F. This is done using the formula ( FALCONER and MACKAY, 1996) , where F t is the inbreeding coefficient in generation t. In this formula F t is replaced with the thresholds for F-50 and t with the number of generations in 50 years for the respective species (Table 3 ) and the equation is solved for ∆F. The result is replaced in the formula
1 (FALCONER and MACKAY, 1996) and the result are the thresholds for N e . The respective classes per species are shown in Table 3 . If there are not enough data to estimate class of endangerment, we used the value "unknown". (Table 3 ) and as a result we got class of endangerment C 2 . The final class of DE is the 'worst' of the classes C 1 and C 2 .
Criterion for estimating the degree of endangerment (DE) on supranational level
The criterion on supranational level has the same demographic and genetic components as the ones used on national level. However, when the degree of endangerment of a breed is estimated on supranational level the status of the global population should be taken also into account. In case of transboundary breeds, the global population is the sum of the populations in the various countries. If we have grouping of genetically similar breeds, the global population are all animals within the group. To handle this factor we have an additional parameter to the criterion -a list with grouping of the breeds. The list contains the breeds identification and the group, they belong to. With this additional parameter the following procedure is used to calculate the degree of endangerment of a breed from one group for the year Y. As described before, the idea of the demographic part of the criterion is to estimate the number of breeding females in the population after two generation intervals. However, it was also demonstrated before that if we simply sum up the female populations numbers in various countries and apply to the result the national level criterion, we may obtain misleading results. Therefore, we have estimated the expected number of breeding females in each population separately (using the national criterion) and then summed up the results to obtain the expected number of females in the whole breed. Thus, for each breed B i from the group we calculated: as a number of breeding animals from single breed and applied to these numbers the demographic part of the criterion on national level. In this manner we obtained the class of endangerment C 2 . Similar to the single breed case we took the 'worst' of the C 1 and C 2 and assigned it to the whole group. In such manner each breed in the group has the same DE class as the others in the group. One issue that needs attention is the way how breeding females and males numbers are selected. It may happen that the numbers for the various breeds are not taken from the same year. However all years with data should be in the interval (Y-GI,Y]. The intervals length is one GI, and we supposed that during such interval of time the population numbers will not change too much. On the other hand, if data for one or more breeds are missing in this time interval, this may influence the results significantly. Therefore, we consider important as part of the results, also the number of breeds from the group, which have been used in the calculation of DE.
Discussion
The criterion proposed here uses a small number of parameters (number of breeding males and females), which have been also used in the FAO and EAAP criteria. Many more parameters can be added, e.g. presence of organization monitoring the breed, number and average size of herds, average age of the farmers, distance between the animals, etc. Although they have an impact on the DE of the breed, this impact is somehow arbitrary. The first attempt for creating a comprehensive system for estimating breeds extinction probabilities was done by REIST-MARTI et al. (2003) . This system operates on similar set of data, taken from the Domestic Animal Diversity Information System (DAD-IS) (FAO) and the Domestic Animal Genetic Resources Information System (DAGRIS). It uses 10 parameters, including from total population size and organization of the farmers to political situation in the country and sociocultural importance of the breed. Unfortunately, many of the variables used by REIST-MARTI et al. (2003) require arbitrary assignment of values by a human, which makes them not suitable for automated calculation. The estimation of the growth rate is also simplified and no regression techniques like the ones used by BENNEWITZ and MEUWISSEN (2005) are applied. This is done mainly due to data insufficiency. We also wanted to keep the calculation procedure comprehensive to a wider group of users as the main intention in using this criterion is to raise attention to the process of breed extinction. In the demographic part of the criterion we used as a main parameter the number of breeding females. Further parameter in this section could be the number of annually registered female animals. As pointed out by ALDERSON (2003) , this number is a more accurate indication of the viability of the population. Unfortunately, these data are not collected in the current databases in the FABISnet, and we cannot include new data in the data collection process. Total per species  Cattle  639  90  46  27  802  Sheep  812  52  34  36  934  Goat  257  22  5  13  297  Pig  380  4  7  8  399  Horse  456  85  61  66  668  Ass  31  3  8  5  47  Total  2575  256  161  155  3147 The criterion was applied on a national level to 3147 from the 3687 European breeds as the other 540 breeds were extinct. The results for year 2005 (Table 4 ) raise on the first place concern about the quality of data collected in the database. For 82% of the breeds there are no enough data to estimate status of endangerment. The most worrying is the lack of data for pigs, where 95% of the breeds have status "unknown". We have to remind that the search for available data is done not only in the target year, but also one GI back. In case of ass breeds, this means a serious lack of data in the time interval [2000] [2001] [2002] [2003] [2004] [2005] . The EAAP and FAO criteria were applied to the same time interval and the results shown in Table 5 confirmed that data are incomplete. The application of the criterion to other years resulted also in a relative big proportion of a breeds with unclear status. This is a strong indication for a need of a special methodology and tools to complete the data collected in the FABISnet and this problem is addressed by DUCHEV and GROENEVELD (2006) . The definition of the uniform criterion suggests that it should list more breeds as endangered than the other two. This is not seen in Table 5 due to the large number of breeds with unknown status. However, these results should be revised, when more data are available. When applying the criterion on supranational level it is important to notice that there is no uniform grouping of breeds. Such grouping can be done based not only on the genetic distance between breeds, but also on phenotypic traits, sociocultural and environmental role of the breed. The grouping can be done also with a special conservation interest and as stated by RUANE (1999) the genetic distance is not the only important factor. Therefore, different organizations and scientists may have different opinions on the grouping of the breeds. As an example we can use the Pustertaler Sprinzen breed. One grouping can be based on the presence of the same breed in several countries, e.g. the populations in Germany, Austria and Italy. Another grouping can be based on the closer relation of the German Pustertaler to the Pinzgauer breed as reported by EDWARDS et al. (2000), or we can use the whole Pinzgauer group as defined by EAAP on their web page (EAAP-AGDB).
To illustrate the application of the criterion the results for year 2002 for five pig groups are shown in Table 6 , together with the results of the respective breeds on the national level. In the case of the Landrace group data for only two to four out of the eight breeds in the group were available, but even these data were enough to classify the breeds from the group as not endangered. Similar is the situation in Pietrain, where only the German population (6445 females and 4413 males) was beyond the thresholds for being endangered. In the Duroc group data only from Germany and UK were available. As a single breed the German Duroc population is classified as endangered by our system and by FAO criterion. On the other hand the status of the Duroc group is clearly "not endangered", which is the real status of this international commercial breed.
On the opposite side as data is the Hampshire group. Here only the German population has recorded data which allows estimation of the risk status. As an individual breed the German Hampshire is critically endangered and this is also the status of the group. The problem here was that the estimation of the group class N f was based on only one out of two breeds, which makes the results unreliable. Therefore, the reliability of the group status estimation should be always presented as a part of the results. This can be the number of breeds used in the calculation and the total number of breeds or the percentage of the used breeds. The former has some advantages, as some additional conclusions about the DE can be made from the size of the group. Moreover, in case of incomplete data we strongly suggest that the results of the particular classes are shown together with the final status. This will allow the endusers to critically evaluate the reliability of the results and thus contribute for more objective interpretation.
Conclusion
The proposed criterion is based on a minimum number of parameters that are already in the data collection scheme of FABISnet. However, the data incompleteness in the databases of this network, will prevent the regular usage of this criterion at the present moment, but it is a step towards common criterion in Europe. The major effort at this point of time should be targeted for completing the data. This will allow more complex techniques to be applied in the future for the estimation of the degree of endangerment of breed extinction. The criterion has a novel approach to the status of endangerment of the breeds on a supranational level. It allows various grouping of populations of transboundary and international breeds and genetically similar breeds. The results in a single and group context, presented together with their reliability, provide more objective information about the degree of endangerment.
Availability
The criterion was implemented as OpenSource software module and is available from the authors.
